been several assessments of fatal incidents in farming environments over many years in Australia, [3] [4] [5] there is a relative paucity of data relating to hospitalised morbidity. Although national figures provide data on compensable injuries to workers through Safe Work Australia, it is estimated that these data under-numerate the true injury burden within agriculture by about 45%. 6 This is a function of several factors, including many owner-operator farmers not being eligible for workers' compensation and work often being undertaken on a voluntary basis by family members and others. Furthermore, the Safe Work Australia national statistics do not account for injuries that occur within recreation or leisure activities on farms.
The Australian Institute of Health and Welfare compiled reports describing the characteristics of individuals who were injured and hospitalised through to 2009-10 that incorporated a farm as a location of the injurious incident. 7, 8 Other studies have focused on describing injuries that have occurred due to specific equipment, such as agricultural machinery or quad bikes (quads), or to particular segments of the population, such as children and young people. [9] [10] [11] There is only one sentinel report that comprehensively described hospitalisations following farm-related injuries in New South Wales (NSW), assessing the 1990-2000 period. 12 On an annual basis, this previous study identified about 1,590 farm injury hospitalisations with a male:female injury ratio of 3:1. For males, injuries involving motorbikes (14.4%), falls (10.3%) and agricultural machinery (9.0%) were most frequent. In contrast, horses (21.9%) and falls (19.0%) were more frequent mechanisms of injury for females. Children represented 16 .3% of all those injured, with males accounting for 14.0% and females 23.0% of those injured. The highest prevalence of hospital admission was in the 15-19-year age cohort. Previous study recommendations for farm injury prevention programs in NSW centred on motorbike safety, safe horse riding/handling, fall injury prevention and child safety on farms. 12 There have been substantial changes in agricultural practices and technology in several commodity sectors since this previous assessment and it is unclear if this has influenced the pattern of hospitalised morbidity by gender. Additionally, while some limited data is available on the costs associated with fatal agricultural injury in Australia, 13, 14 there is an absence of any such information for the financial impact of hospitalised farm injury in NSW.
To attain a broader picture of the farm injury burden to inform preventive approaches, Cases that were work-related were identified using the 'activity at time of incident' coding in the hospitalisation data.
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Urban/ rural and farm identification
The Australian Statistical Geographical Standard Remoteness Area (ASGS RA) was used to identify rural and urban residents. The ASGS RA assigns residents to one of five categories (i.e. major cities, inner regional, outer regional, remote and very remote) using defined index scores of distance to service centres of various sizes. 16 The score is initially calculated on a one-kilometre grid, and then the mean value for each Census Collection District is aggregated to form the remoteness areas. The five categories were collapsed into two categories: urban (i.e. major cities) and rural (i.e. inner regional, outer regional, remote, and very remote NSW). Farm-related injury hospitalisations were identified using the place of occurrence classification of farm (i.e. ICD-10-AM: Y92.7).
Comorbidity identification
The Charlson Comorbidity Index 17 was used to identify comorbidities using up to 50 diagnosis classifications in the hospital admission data and a 12-month look-back period to 1 January 2009. The Index was categorised as no reported comorbidity, mildmoderate comorbidity (i.e. 1 or 2) and severe comorbidity (i.e. >3).
Injury severity
Injury severity was estimated using the International Classification of Disease Injury Severity Score (ICISS) by applying existing survival risk ratios (SRR) to injury diagnoses classifications. 18 The ICISS was derived for each individual by multiplying the probability of survival for each injury diagnosis using SRRs derived for each injury diagnosis. 18 Three severity levels were used to define minor (≥0.99), moderate (0.941-0.99) and serious (≤0.941) injury.
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Hospital costs
The Australian Refined-Diagnosis Related Groups (AR-DRGs), episode of care length of stay (LOS) and episode of care type (e.g. acute, Sub-acute Non-Acute Patient (SNAP)) were used to estimate hospital costs. SNAP care was considered to involve psychogeriatric services, geriatric evaluation and management, maintenance services, and palliative care. In-hospital rehabilitation was separately identified using the AR-DRG classifications of Z60A, Z60B and Z60C. 20 Estimates of public hospital costs were obtained from national and NSW cost data collections. 20, 21 The average cost per AR-DRG included costs for medical and nursing clinical services, non-clinical salaries, pathology, imaging, allied health, pharmaceuticals, intensive and coronary care, operating rooms, emergency departments, supplies and ward overheads, specialist procedure suites, prostheses, staff on-costs (e.g. superannuation, termination, long-service leave, workers' compensation, recruitment costs), cleaning, linen and food services, and depreciation costs. 21 For acute, rehabilitation and SNAP admissions within a period of care related to the index injury hospital admission, the average daily cost per AR-DRG was multiplied by the episode of care LOS up to 120 days. Where an episode of care exceeded 120 days, a flat rate of $200 per day was applied thereafter, excluding long hospital stays for 19 select AR-DRGs used for treatment involving tracheostomies, neonates and burns. 20 For patients who had existing chronic conditions that involved dialysis or chemotherapy treatment, the cost for these treatments were not included in the total hospital cost for injury. For patients treated for an injury-related period of care at a private hospital, the average daily public hospital AR-DRG costs were used as estimates of injury treatment cost. All costs are represented in 2009-10 Australian dollars.
Data management and analysis
All analyses were performed using SAS version 9.4. 22 All episodes of care related to the one injury event were linked to form a period of care (i.e. all episodes of care related to the injury until discharge from the health system). Descriptive statistics and chi-square tests of independence were used to examine the characteristics and hospital costs of NSW residents who were hospitalised for an injury where the place of occurrence was a farm. Three-month mortality was calculated from the date of admission of the first injury-related hospital admission (i.e. the index admission). Twenty-eight day hospital readmission was considered as readmission within 28 days of hospital discharge for any cause. The calculation of hospital LOS included transfers between hospitals and both LOS and age-adjusted LOS were truncated to three standard deviations to exclude extreme outliers. 23 Linear regression was used to age-adjust for LOS and t-tests were used to compare differences between the sexes for unadjusted and age-adjusted LOS.
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Results
Of the 709,464 injury hospitalisations of all NSW residents during the period, there were 6,270 identified as occurring on a farm ( There were no statistically significant variations between genders for injury severity, with around 20% of injuries being classified as serious for both males and females. Similarly, there were no differences in 3-month mortality or readmission to hospital within 28 days. The mean age-adjusted LOS for males (4.2) and females (4.1) was also not significantly different.
Total hospital costs of injury-related hospital admissions and any subsequent rehabilitation or SNAP-related hospital treatment within the same period of care for farm injury were $47.2 million (Table 4) . Annually, this comprised: acute injury treatment ($43 million); rehabilitation ($3.1 million); and SNAP care ($430,000). There was little difference in the mean or median costs by gender, with males accounting for just under 80% of the cases and total costs. Almost 30% of all costs were associated with persons aged 45-64 years and 56.8% for persons aged over 45 years. The highest mean and median costs were for those aged 65-84 years. Fractures represented the highest total hospital costs and accounted for 53.0% of all costs (Table 4) . Injury to the nerves and spinal cord incurred the highest mean and median costs. The most serious injuries accounted for the highest costs and more than half the total costs. 
Discussion
This study identified a total of 6,270 farmrelated hospitalised injuries, with these injuries involving a higher proportion of males (78.2%) than females (21.8%). A higher proportion of males were injured during work activities compared to females. Transport injuries accounted for just under half of male and female cases. Motorbikes and inanimate objects (machinery) for males and horses for women dominated these patterns. There were no differences in injury severity, with around 20% being serious, in mean LOS or 28-day hospital re-admission. Treatment costs totalled $47.2 million, with males accounting for just under 80% of the total costs.
Treatment costs associated with the 20% of serious cases, accounted for 58% of the total expenditure for injury hospitalisation.
The ratio of male:female farm injury in these data was 3.6:1. These figures are comparable to a previous NSW study (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) and a more recent national Australian study (2009-10). 8, 12 They are also similar to a
Canadian study that identified a ratio of 3:1 for non-machinery-related incidents, while the ratio for incidents involving machinery was 9:1. 25 While males account for 70% of the employed persons working in agriculture in Australia, 26 a comparative disproportionate gender impact of machinery on male injury was also evident in the current study, with a
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ratio of 15:1. Although measures of exposure are not available, it is likely that this accounts for a substantial component of this gender variation.
The case distribution by age for both genders was slightly skewed to the older age groups, specifically those in the 45-74 year age range and may reflect the average age of Australian farmers (53 years). 27 Children under 15 years are also evident in the data, though their relative contribution to the overall burden has reduced somewhat for both genders from the prior 1990-2000 study. 12 Notwithstanding, children continue to be involved in around 10-15% of hospitalised injury, a finding which is in parallel with their representation in fatal injury. 28 In conjunction, these data reflect the mix of work and play that occurs on farms and reinforces the need to focus on child safety within the agricultural sector.
In the 1990s, almost 15% of all male admissions involved motorbikes; 12 however, this has now risen to one-quarter of all male admissions. At the same time, there has been a slight decrease in horse-related injury hospitalisations for males from 7% (1990-2000) to 4%. 12 Meanwhile, incidents involving other and unspecified vehicles including quads, have risen from 7% (1990-2000) to 24% in the current study. 12 Despite the lack of exposure data, some authors have speculated that quads have largely replaced motorbikes and horses within the agricultural sector. 29 However, the relative increase in motorbike incidents and slight reduction in horse incidents for males, runs counter to this suggestion. For women, horses have historically been the leading cause of admissions for farm injury and this remains the case, with virtually no change in the relative proportion of cases from 1990-2000 to this study. 12 In examining mechanisms by age, transport incidents were proportionally more likely in the younger cohort, a pattern that is consistent and may indicate higher risktaking in this group. 30 Meanwhile, the older cohorts were more likely to be involved in falls and animate mechanical injury. These later injuries frequently involved contact with cattle and horses in both genders, although the involvement of horses was elevated for females. Older age is a well acknowledged risk factor for fall injury in all areas of society.
31
There is also existing data highlighting physiological changes (reflexes, balance, sight, hearing) that have been postulated as affecting safety within agriculture. Persons in the 20-64 years categories had proportionally more inanimate injuries (inclusive of agricultural machinery). This finding is somewhat at odds with Canadian data suggesting older farmers actually increase their relative use of farm machinery as they age, preferring to use equipment rather than undertake alternate farm tasks. 33 However, whether the same scenario is true within Australian agriculture has not been determined.
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On a national basis it is estimated that injury is responsible for 7% of the main long-term health conditions experienced by the estimated 4.2 million Australians living with a disability. 34 Within this study
there were approximately 1,390 farm injury hospitalisations per annum, with 290 of these being classified as serious. While there were no gender variations in relation to injury severity, 30-day mortality, 28-day hospital readmission or LOS, the highly conservative annualised cost of these farm incidents is around $10.5 million per annum in NSW. While this is a relatively modest sum in comparison to state expenditure on hospital care, they are nonetheless significant, particularly as there is a high potential for prevention of these incidents. 35 It is also noteworthy that the financial impacts only include hospitalised injury treatment costs, so no account is taken of a range of other factors including personal (e.g. lost earnings), business (e.g. replacement labour, equipment damage, workers compensation) and societal costs (e.g. psychological trauma, lost opportunity). Further, other treatment provided by general practitioners and/or allied health professionals is not included in the cost estimates. Consequently, while quantitative data regarding returns on investment in preventive approaches cannot be precisely determined, there is likely to be significant scope for such benefits.
The current study has a number of limitations. The identification of farm-related hospitalised injury in the current study is likely to be under-enumerated due to no incident location being specified in around one-third of the cases. Furthermore, the self-report classification of 'farm' is open to subjectivity and will likely include a range of properties from smaller lifestyle 'hobby' farms to commercial agricultural enterprises. Consequently, it cannot be ascertained to what extent the results reflect commercially orientated farm businesses. As already outlined, there is no exposure data underpinning the range of injurious mechanisms and hence inferences from these data need to consider in this context issue. Additionally, data validity was not able to be assessed and it is possible there could be some misclassification in hospital records. There is also likely to be some degree of error in the data linkage process; however, the CHeReL estimates the false positive rate for this linkage to be 0.5%.
Conclusion
There are some gender differences in the characteristics of hospitalised farm injury. The overall pattern of injury remains similar to earlier hospitalised morbidity data (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) , with transport incidents being key issues for both genders. While there is some variation in causal mechanisms, targets for prevention should include motorbikes (males), horses (females) and quads (both genders). Injury issues related to agricultural machinery (males), falls (both genders) and children also persist. There is also a relatively high injury burden incurred by older persons. While the overall hospitalisation costs associated these farm injuries is relatively minor in comparison to the total state budget for these services, they remain considerable. There are personal and societal benefits that can accrue from reducing these predominantly preventable injuries by addressing the identified targets for preventive activity.
